Objective: We studied 123 neonates with atresias of the gastrointestinal tract at different levels to assess the role of amniotic fluid in the growth and development of the gastrointestinal tract. Our hypothesis was that significant differences in birth weight between groups otherwise comparable would suggest an intrauterine nutritive role for amniotic fluid. Our second hypothesis was that there is a trophic role of amniotic fluid on intestinal epithelium affecting its functional maturity. Establishing earlier tolerance of enteral nutrition in neonates with distal as compared with proximal atresias would support this hypothesis.
Introduction
Amniotic fluid has evolved from being considered as just fetal urine to a complex and dynamic milieu for the fetus with important nutritive and protective functions. 1 Amniotic Fluid is rich in albumin and various amino acids. 2 It has been established in rodents that maternal dietary fatty acids are known to influence amniotic fluid, fetal and neonatal fatty acid composition. 3 Absorption of amniotic fluid by the fetus occurs along different routes depending upon the stage of gestation. However, it is not known as to what role this absorption has in fetal nutrition and how it ultimately influences fetal and neonatal birth weight. We speculated that neonatal intestinal atresias could provide some insight into this matter. Our hypothesis was that the longer the length and surface area of intestine exposed to amniotic fluid the greater would be the birth weight. This could be ascribed to the influence of amniotic fluid provided the incidence of other important factors that influence neonatal birth weight, such as gestational age and congenital anomalies, were not different among the compared groups.
Newborns undergoing surgical correction of intestinal atresias often have long periods of parenteral nutritive support due to intolerance of oral feeding. This is presumed to be because of a functional abnormality in the proximal dilated segment, which is believed to need a longer time to regain its contractility and propulsive ability. Our second goal was to challenge the status quo and suggest an alternate hypothesis to this delayed return of function based on maturity of the intestinal epithelial absorptive system rather than a functional abnormality. Our hypothesis that physiological immaturity in the intestine distal to the atresia subsequent to lack of exposure to amniotic fluid growth factors was a more logical explanation. We considered this by observing the median times of cessation of parenteral nutrition in three different subsets of atresias: duodenal atresia (DA), jejuno-ileal atresia (JIA) and colonic atresia (CA). We felt that our point would be conveyed if more proximal atresias with longer distal physiologically immature segments needed significantly prolonged times to return to full oral feeds.
Methods
One hundred and thirty one cases of intestinal atresias over a 30-year period from 1978 to 2008 were evaluated by a retrospective chart review after the institutional review board approval. All cases were from a single tertiary care center. The atresias were classified on the basis of location into DA, JIA and CA subtypes for the purpose of data collection and analysis. Data collection included demographics, birth weight, gestational age, associated anomalies and association with cystic fibrosis, operative findings and duration of parenteral nutritive support. Maternal gestational charts were obtained and adverse events were documented. As it is well known that children with gastroschisis have a low birth weight, 4 we excluded children with gastroschisis and associated atresias from further analysis to avoid any confounding factors in data interpretation. However, babies with omphalocele, a condition not associated with low birth weight, were included in the study. Furthermore, for the similar reasons, we excluded children with intestinal atresias at multiple levels. Mean birth weights and gestational age for babies in each of the three major groups of atresias were calculated. The presence and severity of associated anomalies among the babies in each of the three groups were compared. Median time to cessation of parenteral nutrition was also calculated among the babies in the three groups. Statistical analysis of differences between groups was carried out using analysis of variance for independent samples. Post-analysis of variance pairwise comparisons were carried out using the Tukey-HSD test. The w 2 -test and the student's t-test or Wilcoxson log-rank test were used to test for significance of categorical data and continuous variables, respectively.
Results
There were 54 dDA, 64 JIA and seven CAs in the study group based on intraoperative findings. Eight babies with atresias associated with gastroschisis and multiple atresias were excluded from analysis. The clinical features of the three groups of atresias are shown in Table 1 significantly different between groups (P ¼ 0.011). Furthermore, the Tukey-HSD test showed that the birth weights were in an increasing order. That is DA<JIA<CA was also significant (P<0.01). This was determined by using post-analysis of variance pairwise comparisons using a one-way analysis of variance. The mean gestational ages were 36 weeks in DA, 37 weeks in JIA and 37 weeks in CA, respectively (P ¼ 0.45, Tukey-HSD, not significant (NS)). Associated congenital anomalies were seen in 41 (76%) DA, 32 (52%) JIA and 3 (38%) CAs (P ¼ 0.08, NS). The two most common associated defects were 29 (49%) cardiac malformations and 17 (29%) Down's syndrome in DA; 12 (19%) cardiac malformations and 9 (14%) abdominal wall defects in JIA; 3 (37.5%) abdominal wall defects and 2 (25%) cardiac malformations in CAs. The mean time to cessation of parenteral nutrition was 18 days in DA, 15.6 days in JIA and 15.6 days in CA (P ¼ NS, Tukey-HSD test).
Discussion
The amniotic fluid contains carbohydrates, proteins, lipids, electrolytes, enzymes and hormones. Amniotic fluid circulation involves five major pathways: fetal urine, fetal breathing, fetal swallowing, an intramembranous pathway across the placental and cord surfaces and a trans-membranous pathway across the fetal membranes. Amino-acid diffusion across the placenta into the amniotic fluid and across the non-keratinized fetal skin has been documented in the early pregnancy. However, there are many indirect signs of amniotic fluid influencing fetal nutrition. Placental amino-acid concentration is affected by both placental diffusion and fetal urinary excretion. 5 Taurine, glutamine and arginine have all been found in significant concentrations in both amniotic and allantoic fluid. 6 However, little is understood of the importance of the integrity of this circulation cycle and its exact contribution to the fetal growth and development. Intestinal atresias offer a novel model to examine the nutritive function of the amniotic fluid circulation cycle. In our study, there was a significant difference of nearly 400 g between atresias at different levels in the intestine. This could not be explained on the basis of prematurity or growth retardation because of associated congenital anomalies. Both these factors were not significantly different among the groups. We believe that the longer intestinal length available to atresias further distal in the It is well known that pancreatic insulin secretion is modulated by intestinal glucose. Ornithine and arginine are two important amino acids that influence insulin and growth hormone secretion in the intestine. 6 Pancreatic insulin secretion in the fetus starts around the second trimester, 7 and we believe that the amniotic fluid glucose and the above mentioned amino acids have an important function in regulating fetal insulin levels through the modulation of incretin peptides. 8 Insulin influences fetal anabolism and growth as described earlier. On the basis of our findings, we suspect that an intact enteroendocrine axis established by the amniotic fluid circulation cycle is an important factor that influences fetal weight gain after the first trimester. Further studies are needed to evaluate the trophic effects of amniotic fluid on functional intestinal maturation.
